Introduction: Critical incident monitoring is important in quality improvement as it identifies potential risks to patients by analyzing adverse events or near-misses. Methods: This study analyses the reported incidents in a tertiary hospital over a 4-year period. Results: A total of 441 incidents were reported out of 98,502 anesthetics performed during the study period. Of these incidents, 67 resulted in no harm caused, 116 with unanticipated ICU admissions and 20 mortalities. The odds of having a critical incident increased with ASA status: from an odds ratio of 2.08 (95% CI: 1.58 to 2.74) for ASA 2 patients compared to ASA1, to OR of 13.70 (5.91 to 31.74) in ASA 5 compared to ASA 1. Critical incidents also have higher odds occurring out of hours (OR 1.7 (1.45 to 2.23) compared to daytime hours (08:00-17:00). They occurred most commonly in maintenance phase (142, 32.7%), followed by induction (120, 27.6%). The most common types of incidents include airway and respiratory (110, 24.9%) followed by drug related incidents (67, 15.2%). Human error was attributed as a significant contributing factor in 276 incidents (61.5%) followed by patient factors in 112 incidents (25.4%). Mitigating factors such as vigilance by staff involved were significant in 136 incidents (30.3%). Conclusion: Higher ASA status appears to be the most important factor associated with actual or potential patient harm in our study. Also significant, was time of incident, with incidents more likely out of hours. Critical incident reporting is a valuable part of quality assurance. We should continue to invest in incident reporting, incident analysis and improvement plans.
Introduction
Critical incident monitoring is important in quality improvement and patient safety as it identifies potential risks to patients by analyzing adverse events or near-misses. The critical incident technique was first described by Flanagan in 1954 to improve safety among military pilots [1] , and was subsequently refined for nonmedical and medical uses. Cooper et al. adapted this technique to uncover patterns of frequently occurring incidents in an anesthesia department in 1978 [2] . The original definition of a critical incident by Cooper and colleagues was an occurrence that could have led (if not discovered or corrected in time) or did lead to an undesirable outcome. This was subsequently developed into a national plan in the Australian Incident Monitoring Study [3] [4] in 1988. Currently, there are many established incident monitoring programs worldwide in anesthesia [5] [6] including the American Society of Anesthesiologists (ASA) Committee on Patient Safety and Risk Management, and National Patient Safety Agency in the United Kingdom.
We aimed to review the critical incidents during anesthesia at our institution and analyze the associated factors and outcomes.
Methods
After obtaining approval from the Institutional Review Board, we analyzed retrospectively collected data of reported critical incidents at our department over a 4-year period from January 1st 2008 to December 31st 2011. Our institution is a tertiary teaching hospital in a city state with 1500 beds, 31 major operating theatres including 2 dedicated emergency theatres, and 54 consultant grade anesthesiologists. The department started electronic reporting of critical incidents from mid-2007.
All critical incidents occurring under the care of an anesthesiologist are self-reported within 72 hours via an electronic risk management system that maintains anonymity. Critical incidents include any occurrence which could have resulted, or did result, in harm to a patient; this includes near misses. Reporting critical incidents is purely voluntary.
The electronic form includes a free text description where a detailed narrative of the incident is included, and also fields which allow users to key in details including time, location, phase of incident, patient demographics, and other details. Factors contributing to the incident, minimizing effects, the outcome of the incident as well as suggested corrective strategies are also part of the form. These reports were presented and discussed at department meetings to identify changes to processes with the goal to improve patient safety and facilitating quality improvement.
The data was exported and the incidents were analyzed using SPSS version 20 (IBM Inc., Chicago, IL, USA). Missing data was traced as far as possible from the incident details, or from the free text narrative. Critical incidents were compared with all anesthetics conducted in the institution in terms of patient demographics, ASA status, emergency status, time of incident, and type of anesthetic. Odds ratios were calculated for these factors.
We also undertook a descriptive analysis of incidents in terms of types of critical incidents, surgical specialty, phase of anesthesia they occurred as well as contributing factors and resulting severity of harm. We further looked into the characteristics of the more serious incidents leading to cardiovascular arrest and perioperative mortality.
Results
A total of 441 incidents were reported out of 98502 anesthetics performed during the study period. The incidence of reporting of critical incidents was 0.44%. Table 1 describes the patient demographics, ASA classification, emergency status as well as the time of surgery, and anesthesia technique in relation to all anesthetics conducted. The age of patients ranged from neonates to geriatric patients at 91 years old, the majority were adults and undergoing elective surgery (75.2%). Further analysis for age of patient was not conducted due to the small volume of pediatric and neonatal surgery in the institution. Although most incidents occurred during elective surgery (75.2% of all incidents), the majority of anesthetics in our institution are for elective surgery, and the odds ratio compared to emergency surgery is not significant (OR 1.05, 95% CI: 0.85 to 1.3).
Significant findings include ASA status with the odds of having a critical incident increased with increasing ASA status and the time of incident with higher odds of critical incidents occurring out of hours (OR 1.7, 95% Figure 1 shows the distribution by phase of anesthesia in which the incident took place. The distribution by surgical specialty is shown in Figure 2 . General Surgery had the highest number of incidents with 171 (39.0% of all critical incidents).
The most common types of incidents reported (see Table 2 ) were airway and respiratory incidents (24.9%) followed by drug related incidents (15.1%). Table 3 shows the breakdown of airway and respiratory incidents as well as drug related incidents. Of the 110 airway and respiratory events, most cases resulted in mild to moderate harm, with four incidents resulting in severe harm and no deaths occurred. There were 11 incidents of aspiration, of these patients, six required ICU admission and no deaths occurred.
Details of incidents involving wrong drugs given are presented in Table 4 and wrong dose of drugs in Table  5 . Suxamethonium in a patient with recent cervical spine injury Administration of both Naproxen and Arcoxia to a patient (prescriber did not check previous drugs) Nine out of 30 drug errors occurred in patients undergoing emergency surgery. Contributing factors identified included fatigue or inattention in 15 out of 30 incidents, 10 for lack of knowledge, inexperience or poor judgment, two incidents with inadequate checks or patient assessment and two incidents where time pressure was a factor. Most resulted in no or minimal harm, four resulted in moderate harm, and none in severe harm or death.
Ten incidents of facial skin injury were reported: five after prolonged spine surgery in the prone position and five from tapes used on the face. There were also two cases of Bair Hugger forced air warmer (Augustine Medical, Eden Prairie, MN, USA) associated burns when used without the prescribed blanket, and one case of skin laceration over the forearm. Other anaesthesia related injuries include 5 cases of corneal abrasions after general anaesthesia, and one case of compression related peripheral nerve injury. Table 6 shows the critical incidents classified by severity of harm as per National Patient Safety Agency definition [7] : No Harm, Low-required extra observation or minor treatment and caused minimal harm, Moderate-moderate increase in treatment and which caused significant but not permanent harm, Severe-result in permanent harm, and Death. There were 67 incidents in which no harm to the patient was caused, 38 critical incidents with cardiovascular arrest, 116 unanticipated ICU admissions and 20 mortalities.
The characteristics of incidents of cardiovascular arrest are described in Table 7 . Cardiovascular arrest was defined as any event requiring cardiovascular resuscitation. The two critical incidents involving ASA 2 patients were unexpected, one involving massive blood loss from a radical nephrectomy and the second a hypertensive patient on hydrochlorothiazide with severe hypokalemia resulting in ventricular fibrillation. Details of mortalities within 24 hours of surgery are shown in Table 8 .
Human error was attributed as a significant contributing factor in 276 incidents (61.5%) followed by patient factors (25.4%). Mitigating factors such as vigilance by staff involved was significant in 136 incidents (30.3%) and monitor alarms in 72 incidents (16.0%). 
Discussion
We found that a higher ASA status as well as surgery out of hours as significant factors associated with critical incidents. The most common types of incidents include airway and respiratory (110, 24.9%) followed by drug related incidents (67, 15.2%).
The incidents reported in our study represent 0.44% of cases undertaken-this is relatively low but within reported ranges in the literature. The frequency of incidents reported from individual institutions has varied from 0.28% to 3.5% [8] - [13] while higher incidences of up to 12.1% [14] have also been reported. The difference in figures may be due to the variation in definitions of critical incidents and lack of accepted nomenclature [15] as well as individual perception and ambiguity in application. The relatively low rate of reporting could also be due to underreporting and it is likely that the more serious incidents were captured [16] .
Characteristics of Incidents
In our study, the odds of critical incidents increased with ASA status which is consistent with the relationship found by other authors between increasing ASA and risk of critical incidents [14] [17] . ASA 5 status is defined as a moribund patient who is not expected to survive without surgery, thus these patients are at high risk of adverse events.
Critical incidents occurred more frequently out of hours, with an odds ratio of 1.76 (95% CI: 1.45 to 2.23). This is expected as human factors such as fatigue and a lack of staff become more significant.
From our analysis, emergency surgery did not present increased odds in the incidence of critical incidents compared to elective surgery, although it has been reported to have a slightly higher incidence of critical incidents in literature [14] . A possible reason could be underreporting by junior staff, as emergency cases are more commonly managed by junior staff on call in our institution. Haller et al. [16] suggested that junior staff may underreport due to fear of blame by senior staff.
Critical incidents were more frequent under general anesthesia than regional anesthesia and this was in common with other published studies [10] [12] [17] [19] [20] , possibly due to high risk surgeries done under general anesthesia such as cardiothoracic and neurosurgical procedures. However surgeries done under a combination of general anesthesia and regional anesthesia have higher odds for critical incidents than general anesthesia alone. A potential explanation is that surgery that would benefit from a combined technique would have a tendency to be more major surgery.
Patients undergoing monitored anesthesia care only also have a higher odds ratio of critical incidents compared to general anesthesia alone. This may be due to anesthesiologists choosing an MAC technique for sicker patients.
We found that incidents occurred most commonly in the maintenance phase (32.7%), which is similarly reported in some studies [4] [12] . They were also more common in patients under general surgery which is probably due to larger number of patients admitted under general surgery, associated sepsis and fluid and electrolyte imbalances [4] [6] [12] .
The most common type of incident we found in our study was airway and respiratory events which is similar to some studies [11] [21] [22] although others have found cardiovascular incidents to be more common [18] , this is likely due to differences in patient population and lack of standardization in types of incidents.
Airway and Respiratory Incidents
Of the 110 airway and respiratory incidents, 41 were dental injuries, and 8 oropharyngeal injuries. Five out of eight of the oropharyngeal injuries were associated with the use of GlideScope videolaryngoscopy (Verathon, Medical Inc., Bothell, WA, USA), and these occurred in 2009 to 2010-corresponding to the introduction of GlideScope to our institution. Subsequent improvement in training with emphasis on keeping direct visual contact with the endotracheal tube as far as possible into the oropharynx [23] - [27] , resulted in no incidents of oropharyngeal injury in 2011.
There were 11 reported events of aspiration, which gives us an incidence of aspiration of 1.3 per 10000 general anesthetics, comparable to published data [28] - [31] . While no deaths occurred due to aspiration in our study, death rates in patients who aspirated range from 3.8% in the Australia Incident Monitoring Study [32] , to 4.6% in the Sweden Study [30] . Some suggested risk factors for aspiration include the urgency of surgery, airway problems, inadequate depth of anesthesia, use of the lithotomy position, gastrointestinal problems, depressed consciousness, increased severity of illness and obesity [33] .
Drug Related
The second most common type of incident was drug related, accounting for 15.2% of total reported events. This is consistent with other studies that found drug related incidents as one of the most common errors [4] [11] [19] .
Of the 37 incidents with adverse drug reactions: 10 were related to Vancomycin. Vancomycin is given in our institution most commonly when the patient has a penicillin or cephalosporin allergy, or has a known methicillin resistant staphylococcus aureus (MRSA) infection. Vancomycin use has been increasing worldwide due to evolving epidemiology with increase in community acquired MRSA [34] . Reported incidence rates for common adverse reactions of Vancomycin include: an anaphylactoid reaction known as red man syndrome (5% -50%), thrombophlebitis (approximately 40%), rash (4% -6%), nephrotoxicity (7% -8%), and ototoxicity (4% -10%). True anaphylaxis is exceedingly rare [35] - [38] . The recommended dose of 15 -20 mg/kg [39] [40] should be administered at a maximal rate of 1 g/hr. to minimize infusion related adverse events [39] . This results in time pressure on the anesthesia provider as prophylactic therapy requires effective levels of antimicrobial present from skin incision. Infusion rates exceeding recommendations could have contributed to the incidents reported, and we should look into improving the timing for starting Vancomycin infusions.
There was one incident of wrong heparin dilution during heparin locking of a central venous catheter for dialysis-this was due to human error and contributed by the different formulations of heparin available in our institution.
In studies on drug errors, human and system factors have been implicated in up to 87% of errors [41] [42]. Everyday experience would suggest that staff shortages, cognitive overload of members of staff, distractions, poor communication, haste, and fatigue are common contributory factors [43] . Prevention of drug errors must take into account the whole range of factors from those related to patients to organizational systems. Some recommendations in literature [44] include: Improving awareness of errors and establishing a safety culture, reducing system complexity, standardizing packaging, presentation and administration, improving environment and workflow as well as quality assurance and reporting of incidents.
Cardiovascular Arrest in Operating Theatre
Our study found 38 incidents with cardiovascular arrest of which 18 were admitted to ICU and 20 passed away within 24 hours of the incident.
They occurred most frequently in male patients, emergency surgeries and under GA. This is similar to other published studies in perioperative cardiac arrest and mortality [45] - [47] . The higher incidence among males [20] [46] [47] can be explained by the predisposition of men to trauma, violence, and vascular disease compared to women. Of the 20 mortalities, the majority were ASA 4 or 5 and undergoing emergency surgery which is an expected finding.
Limitations
The major limitation with incident reporting is that underreporting will occur in a voluntary system. Data will be an underestimation of true numbers. Underreporting has been attributed to various factors including form design, time constraints, and fear of blame or punitive action, lack of feedback and lack of clarity on what should be reported amongst other reasons [48] .
Anesthesiologists also tend to report major adverse events rather than minor events [16] . Different clinicians define critical incidents differently, with variation in perception and reporting [49] .
It is also impossible to validate information as it is anonymous. Due to the inherent nature of the data, there are sometimes missing pertinent details or insufficient contextual information. The electronic forms were incomplete in some sections, for which data could mostly be obtained from the descriptive narrative.
Reporting bias also cannot be excluded. When the outcome is known, it influences the reporter's judgement and also the evaluation of the critical incident [14] . As incidents may not fit clearly into one category, classification is varied between different institutions.
Keeping these limitations in mind, we believe trends can be detected which can be used to improve patient safety. Critical incident reporting offers many advantages, including the ability to capture "near misses" which are a rich source for learning, and the opportunity to look for recoveries out of dangerous situations in which no harm was done. Incident analysis can lead to root cause of errors and tracking incidents allows monitoring of the process of interventions made over time. The discussion of critical incidents, especially for infrequent events, has clear educational value, and the cost of incident reporting at an institutional value is low.
Conclusions
Our institution has a well-established reporting system that is voluntary, maintains anonymity and has an easy to fill form. They are discussed during regular department meetings, in which significant events are further looked into so that preventive measures can be instituted. However, we still need to work on improving the rate of reporting by encouraging feedback and creating a more conducive environment. There are institutions that have a mandatory audit form for all anesthetics, to record significant events and critical incidents that occur in the operating theatre. However our institution has developed a post-operative follow-up system since 2011 where major complications are captured and all patients after an anesthetic are followed up postoperatively either via a ward visit or a phone call. This should improve monitoring our anesthesia service for major events.
Critical incident reporting is a valuable part of quality assurance. Identifying and mitigating risk factors associated with patient harm can improve patient safety. Higher ASA status appears to be the most important contributory factor that results in actual or potential patient harm in our study. Also significant, was time of incident, with incidents more likely out of hours. Further improvement at our institution would entail minimizing anesthesia occurring out of hours, and managing human factors such as fatigue that are important during these cases.
We should continue to invest in reporting critical incidents, incident analysis as well as improvement plans to reduce risk, enhance patient safety and preventive strategies to decrease the future occurrence of critical incidents. A national critical incident reporting scheme such as that in UK, Australia and Thailand, may allow for further tracking and analysis of incidents to improve patient safety.
